In this paper, we present Sam, an embodied conversational storyteller who tells stories interactively with children. Sam was designed to appear as a peer to preschool children, but to tell stories in a developmentally advanced way in order to model narrative skills important for literacy. Literacy learning -learning how to read and write, begins long before children enter school. One of the key skills to reading and writing is the ability to represent thoughts symbolically and share them in language with an audience who does not share the same background. Children learn and practice such important language skills in the informal setting of everyday storytelling with their peers and adults available around them. In particular, storytelling in a context of peer collaboration provides a perfect place where children not only learn language skills important for literacy, but also learn to be critical listeners of others' stories. Preliminary evaluation showed that by interacting with Sam, 5-year-old children's stories became more literate in style as they modeled after Sam's advanced linguistic behaviors. In addition, the children listened to Sam's stories carefully, assisting her and giving suggestions on how to improve them. With Sam, children not only learned new linguistic behaviors that are important for literacy, but also to become critical listeners of other's stories.
INTRODUCTION
While efforts to bring new technologies into classrooms and to prepare children for computer literacies have been made, the traditional literacy skills -the ability to read and write -still remain critical for children's academic success and are difficult skills for children to learn. Acquisition and practice of skills important for literacy do not only happen in formal settings like school, but begin in informal settings of everyday interactions with both adults and peers. Could we support children's use of language in their play, but in a way that is useful for their later literacy skills? Could technology become a listener of children's stories? In this paper, we are concerned with a specific linguistic genre, storytelling, that happens in the context of peer play, as peer storytelling involves playful but important emergent literacy activities that can bridge children's competence and knowledge of oral language with that of written language. We present and discuss a novel approach in supporting children's literacy learning, where technology is a listener of children's stories and can provide opportunities for children to practice and acquire linguistic expressions in oral mode that are useful for their later literacy skills. First, we provide background for the link between storytelling and literacy, and the importance of social interactions in literacy learning as children learn new linguistic skills in interaction with both adults and peers. We will then discuss Sam, an embodied conversational storyteller who can act as a peer to children in storytelling play, and discuss our preliminary findings with children. the context of the story understandable for the audience. Such ability to account for the audience's perspective is what is crucial in literacy learning (Snow, 1983; Cameron & Wang, 1998) . Storytelling, then offers a perfect place for children to practice such outside-in skills of literacy. Children learn these skills through interaction with both adults and peer.
Literacy Learning with Adults
Vygotsky defined the zone of proximal development as "the distance between the actual developmental level as determined by independent problem solving and the level of potential development as determined through problem solving under adult guidance or in collaboration with more capable peers" (Vygotsky, 1978, p.86) . According to this theory, a child performs at a higher developmental level of abstraction and performance with a partner who has the knowledge and skills, than he would achieve individually.
Adults act as the competent partner in emergent literacy activities to support children's literacy learning. With parents and teachers, children engage in many different kinds of conversations together: exchanging information, disciplining and socializing, and showing feelings. Within those various types of conversations, children are given opportunities for conversations that require syntactic planning, careful lexical selection, making explicit crossutterance relationships, and integrating successive utterances into a particular structure (Nelson, 1996) . For example, the use of rare words during parent-child book reading is correlated with children's vocabulary acquisition (Snow, 1993) . Dickinson, Cote, and Smith (1993) found that preschool teachers' use of rare words during meal time and in free-play settings were positively correlated with story understanding and definitional quality (such as a cat is a kind of animal) in addition to vocabulary growth. Therefore, adults' conversations serve as a model for children in learning new ways of using language to express their thoughts and feelings.
Literacy Learning with Peers
While parents and teachers may not always be available to listen to children's everyday stories, peers are available and can also offer scaffolding to their co-equal status partners. Neuman and Roskos (1991) investigated how children provide the kind of expert-to-novice scaffolding adults may provide in literacy activities. Neuman and Roskos observed children engaged in instructional conversation with their peers -designating, negotiating, and coaching each others' literacy activities. Unlike in an adult-child relationship, children often reversed the role of the more capable peer according to the purpose of the play. Similarly, Stone and Christie (1996) found that children engage in collaborative behaviors to help each other in literacy activities. In their mixed-age, K-2 classroom, they observed children collaboratively helping each other by modeling, inviting, assisting, directing, tutoring, negotiating, affirming, and contradicting to each other in literacy activities. Results from these studies suggest that the combination of literacy-enriched play environments and literacy-rich older primary-grade children in a mixed age play setting stimulates literacy behaviors. In addition, Christie and Stone (1999) with their studies of multi-age classrooms have shown that even younger children (supposedly less capable ones) could offer assistance to older and more capable ones. Therefore, peer interaction involves not just one-way transmission of knowledge from an expert to a novice, but more "multi-directional" where there is no strict role assigned to who the expert/novice is (Christie & Stone, 1999) .
It is through dialogue with others in peer collaboration that children come to realize the unique functional potential of the various symbol systems, including reading and writing, in their society (Vygotsky, 1978) . Daiute et al. (1993) compared collaborative teacher-child writing with collaborative child-child writing. Daiute et al.' s analyses showed that teacher-child collaboration produced more elaborated classic narrative structure than peer collaboration, but one pattern of teacher talk that was controlling was negatively correlated with more elaborative narrative. Peer collaboration did not produce a more classic narrative structure than teacher-child collaboration, but did produce elaborated narrative texts. Moreover, engaging in highly interactive peer conversation was positively correlated with the change toward writing in the third person. Daiute et al. concluded that the nature of social interaction around literacy may be more important than the absolute expertise of any partner. Mostow et al. (1994) focused on inside-out skills of literacy and developed a reading tutor that taught children reading on a one-to-one basis. Using speech recognition technology, the reading tutor gave appropriate feedback for children reading storybooks out loud. The reading tutor has increased oral reading fluency in children significantly. In contrast to Mostow's intelligent tutor approach, the Cognition and Technology Group at Vanderbilt has developed the Young Children's Literacy series (The Cognition and Technology Group at Vanderbilt, 1996) that used a situated learning approach. Anchor video stories in the literacy series challenged children to write a story to save the animals they saw in the video. Interaction with others was key to literacy learning as the teacher modeled the story writing activity for the children, and children worked together as a group. The series has produced significant improvements on the children's word fluency, sentence fluency and story complexity.
RELATED SYSTEMS
Our previous story listening system, StoryMat (1999) was a technologically enhanced play mat designed for children's fantasy storytelling using little stuffed animals. StoryMat recorded children's oral stories and movements of the animals they made on the mat, and played those stories as animations on the mat when the same or another child told a story at the same place as those stories. By listening to peer stories on StoryMat, children told more imaginative and structurally advanced stories. Therefore, peer stories became models and through an opportunity to listen to peer stories, children told more sophisticated stories than they did alone. While StoryMat did not have any visible partner to give explicit feedback on children's stories, could we foster children's storytelling skills in a more specific way (i.e. helpful for literacy) by incorporating a kind of virtual companion who could be a listener of children's stories? Chan and Baskin (1988) proposed "learning companion systems" which employed both an intelligent tutor and an artificial student that were both designed to be at about the same level as the student (both were non-embodied agents). The idea was that a student would learn from an intelligent tutor (in regards to programming LISP), but then was asked to teach the artificial student (learning companion) what he learned. By having the two taskslearning by being tutored and tutoring, learning companion systems offer a learning protocol that is similar to "reciprocal teaching" (Palincsar & Brown, 1984) where children take both the teacher's and learner's role. While their preliminary results did not show significant improvements on problem solving tests, their interviews revealed that the students enjoyed teaching an agent over a real student because they felt it was like a game.
The teachable Agent project (Brophy et al., 1999) used another approach for the design of a learning system. The goal of the teachable agent project was to have children learn ecology by teaching an agent about the subject. Brophy et al. found that children who studied in order to teach the agent did better on the post test than control children who studied just for the subject test, as the students who prepared to teach spent time trying to understand "the why" of the studies.
Then, there seems to be an advantage in making technology play a more social role in supporting children's learning. In literacy learning, such social interactions are important as they serve as opportunities for children to gain new knowledge about language and communication, and also to test their knowledge about language and how such knowledge becomes useful.
SAM
Sam is our attempt to have technology play such a social role in supporting young children's literacy learning. The Sam system has two components: Sam, an embodied conversational agent (who are designed to look like a child around age 6), and a toy castle with a figurine. Sam is projected on a screen behind the castle, and both tell stories and listen to the child's stories. The figurine can exist in either the physical world or on the screen, so that Sam and the child can pass it back and forth between their worlds. When a child stands in front of the toy castle, Sam looks at the child and says, "Hi, I'm Sam!" After the child greets Sam, Sam says "I can't wait to tell you my stories!" and tells a story as she moves the figurine around the castle, occasionally looking up at the child to draw the child in to the story. When Sam finishes her story, she then says, "I'll put the toy in the magic tower so you can tell a story," and places the figurine inside the tower. When the child opens the door, she finds the figurine Sam had been playing with. The child picks the figurine and tells her story. While the child does so, Sam watches the child (following where the child is moving the figurine to), nodding, smiling, and prompting, "What happens next?" When the child is done, the child gives the figurine back to Sam and the interaction continues.
As discussed earlier, children model literacy skills from a competent partner. Sam acts as that competent partner as she tells stories using more advanced forms of linguistic expressions (specifically, Sam uses cohesive pronouns, connectives, and tense and temporal markers in telling her story). In interacting with precocious Sam who tells stories in developmentally more advanced forms than the child, the child may enter his/her "zone of proximal development" (Vygotsky, 1978) . In Vygotsky's term, children develop through their participation in activities that are slightly beyond their competence, with the assistance of adults or more skilled children. In a way, Sam acts as that more skilled peer who can push the ability of the child a little further than he/she can do alone. Our hypothesis is that by interacting with precocious Sam and listening to Sam's developmentally advanced stories, children model Sam's linguistic behavior and therefore, perform their storytelling task in a more developmentally advanced form themselves. Yet, because of Sam's peer-like appearance and the playful environment with the toy castle, Sam may offer both playful and collaborative activities, more than what an adult may offer. Our intention is for Sam to provide just the right amount of challenge. Sam's storytelling is more advanced than the child's, but not too advanced, as he is a partner who is just a head taller than the child.
Technical Implementation
Sam detects a child's presence through a microphone, and a motion detector sensor in front of the castle. When the child is playing with the toys and narrating, the system uses audio threshold detection to determine when to give feedback (backchannels such as "uh-huh" nods, and explicit prompts such as "and then what happened next?"). Swatch RFID tag readers are embedded inside of every room in the castle. The tag attached to the figurine tells the system which room in the castle the figurine is at. A switch in the door tells the system whether the figurine is inside of the magic tower and when the magic tower door is opened, so that the child will never see the physical and virtual instantiations of the toy simultaneously (when the door is opened and Sam has the figurine, it disappears instantly and Sam expresses surprise). In order to make Sam's character believable, Sam's stories and other utterances were recorded from a real child, as the quality of children's synthesized voices is still poor. The software is written in Java and C++ and can run on a single PC with a graphics acceleration card. The animation is displayed on a back-projection screen behind the castle.
SAM STUDY
To investigate Sam's role as a competent peer who tell stories using oral language important for literacy, we observed how children interacted with Sam and how the children's use of language in their storytelling became influenced by telling stories with Sam, compared to children who played with a human peer partner.
The study was done in a "Wizard of Oz" setting where Sam's response was controlled by a wizard (a researcher) behind the screen. 31 children volunteered for the study. All children were female and aged 5. 9 children played alone with a castle without Sam, 10 children played alone with a castle with Sam, 6 children played with a copresent playmate with a castle but without Sam, and 6 children played with co-present playmate with a castle and with Sam. All children played for approximately 15 minutes: 5 minutes introduction with an experimenter, and 10 minutes play session on their own. All the children's 10-minute play sessions were transcribed.
Sam as a Storytelling Partner
Sam's presence as a partner who told stories and invited children to tell their stories engaged both children who played alone and children who played with a co-present playmate. In taking turns with Sam and listening to Sam's stories, children seemed to use and explore linguistic expressions important for literacy learning. The following is an example of a child interacting with Sam: In the example above, Anna took turns with Sam, listened to Sam's stories, and in that process, her stories seemed to become more sophisticated. In her first turn, Anna's sentences involved very little complexity. Her speech is almost an eventcast (i.e. the form of "then she did this, and then she did that...") rather than a story with a causal connection between clauses (Labov, 1972 Unlike the children who played alone with Sam, children who played with another child without Sam treated each other as conversational partners rather than taking turns being the storyteller and the story listener. In the example above, the two children were engaged in fantasy/pretend play (i.e. the two children seemed to be pretending to be at a house with a ghost) and talking to each other as a character in their play. As the two children were engaging in a conversation, rather than storytelling, their speech depended much on contextual cues. For example, the child did not have to introduce or explain what "this" was in the utterance "You broke this..." because the referred item was immediately shared with her partner and in their conversation.
The children who played with Sam also shared the physical context with Sam (e.g. sharing the castle). However, Sam explicitly invited the children to tell stories and modeled storytelling behavior. Sam narrating in a way not relying on contextual cues engaged the children to tell their stories in the same way as Sam's. In a way, the children and Sam shared the same invisible audience. Therefore, Sam's presence as a partner who took turns with children and told stories using diverse linguistic expressions important in making the stories more sophisticated, fostered children's use of linguistic expressions in storytelling. The two children seemed to collaboratively tell a story. While Amy is the main storyteller, Beth scaffolded Amy by giving some ideas (e.g. "What about Anna?" "Because she lied?"). When Amy was finished with her story, Beth tried to take the turn. However, Amy gave Sam the turn because Beth has taken her turn before and now it was Sam's turn. Amy said, "Sammy. I want Sammy to do it. I'll put it back," and put the toy back to Sam. Thus, even with a co-present playmate, the children seemed to take Sam into account. In everyday storytelling, children become collaborators and facilitators of peer narrations (Preece, 1992) . Thinking about Sam's turn and acknowledging Sam's role as a fellow collaborator is similar to what children go through with peers in everyday collaborative storytelling. Literacy learning happens the best when children are engaged in collaborative activity helping a peer engage in an activity than parallel or solitary behavior (Stone & Christie, 1996) . Sam seemed to act as, and children seemed to consider Sam as a collaborative peer.
Children Coaching Sam
Children not only seemed to regard Sam as a storytelling partner to model, but also as a peer to coach. We did not design Sam to be a character that explicitly elicited help from children. However, in interaction with Sam, children spontaneously helped Sam. The following is an example of a child "coaching" Sam:
Jane (age 5) ow, ow, ow, ow, ow! It was [unintelligible], he went ow, ow, ow, ow, ow, ow, ow! He went ow, ow, ow! Then [unintelligible] there was all spiky in his pants and he got trapped and then ow, ow, ow, ow, ow, ow, ow, ow, ow, even on the lamp! Ow, ow, ow, ow, ow, ow, ow, ow Anna listened carefully to Sam's story and commented that Sam had already told the story before. Anna was acting as a corrector of Sam's storytelling, but who also acted kindly to let Sam finish her story, as she said, "You can still tell it though. Go ahead." In everyday storytelling, children become not only collaborators and facilitators, but also active critics and correctors of peer stories (Preece, 1992) . Similarly, both Jane and Anna became critics and correctors in a similar way as children in everyday storytelling. Sam seemed to act as a co-storyteller, but also a peer the children felt responsible to critic and coach. By coaching, peers do provide substantive input to one another's learning (Cazden, 1988; Rogoff, 1990; Neuman & Roskos, 1991) . Therefore, children's interaction with Sam both as co-storyteller and as critic, contributed to them becoming critical thinkers who could evaluate and challenge others' linguistic behaviors. Sam did respond to Eve's story by saying "Cool!" However, Sam was not able to give any specific feedback that related to Eve's story. While Eve's story clearly related to Sam's story, Sam's story was not influenced by Eve's story at all. Even though, Eve was showing collaborative behavior by incorporating elements from Sam's story into her own story, Sam seemed to be engaging in parallel play. Somewhat surprisingly, given Sam's quite limited collaborative behavior, children still took Sam as a peer and continued to engage in collaborative behavior with Sam. We are currently investigating how Sam could relate to and incorporate children's story elements (e.g. using keyword recognition technique).
Limitations

DISCUSSIONS
In summary, Sam not only served as a partner children modeled after, but also a peer children coached and helped. Thus, the "more capable partner" in the Vygotskian sense, changed fluidly with interaction with Sam. Sometimes, Sam acted as the more capable peer as children modeled their stories after hers, and sometimes children acted as the more capable peer as they seemed to coach and correct Sam's behavior. This type of role change can be said to resemble a reciprocal model of peer assistance where children take both the teacher's and student's role (Palincsar & Brown, 1984; Cazden, 1988) . Therefore, interaction with Sam, seemed to bring out collaborative behavior beneficial for school learning in general.
By taking turns with Sam and by listening to Sam's stories with a variety of linguistic devices to make the text coherent, children's stories also seemed to become more sophisticated. In a way, children shared the same kind of invisible audience as Sam. They used various linguistic devices such as relative clauses and quoted speeches to make their text coherent. As such, children practiced and learned ways to make their text coherent, which is one of keys to literacy learning. By listening to Sam's stories and having Sam as their story listener, children became both active collaborators and critics of each others' stories. Sam seemed to serve as a peer with whom children practiced collaborative behaviors with, and learned linguistic skills useful for literacy learning.
FUTURE WORK
We are currently developing Sam in two directions: 1) designing Sam's stories with more precise features of outside-in literacy skills and 2) enhancing Sam's interactivity.
In order to more precisely model outside-in literacy skills, Sam's new stories will involve more decontextualized language (e.g. spatial and temporal information of stories), and perspective taking. A recent study has shown that children's ability to take multiple perspectives in storytelling is positively correlated with their mathematical skills (O'Neill & Pearce, 2001 ). We believe Sam could model such perspective taking by introducing and maintaining different characters in her stories. To encourage such perspective taking, we have also incorporated multiple figurines so that Sam and children can tell stories with multiple perspectives using the figurines.
In order to increase interactivity of Sam, we are investigating keyword recognition technology to spot children's speech and incorporate their speech into Sam's stories. In addition to speech input, Sam's toy castle is being enhanced with more sensors to follow movements children make while they are narrating. For example, movement of furniture in the castle while children tell their story will be cues for Sam to give feedback to their actions. Finally, in order for Sam to produce the positive effect of multi-age collaboration where children learn by both modeling and coaching their peer (Christie & Stone, 1999) , we need to have a more explicit model of a peer who could both teach and be criticized. Currently, we are investigating behavioral features of Sam that voluntary engage children to criticize. With a more explicit model of Sam as a peer, we plan to further investigate children's literacy learning with Sam.
